The aim of this paper is to establish the dynamics of groundwater condition, to make assessment of quality and using it for sub-irrigation on irrigated land in the Kazakhstan part of the Golodnostepsky massif. The research results have shown that in the conditions of growth of surface water scarcity, using ground water for sub-irrigation inreases water availability of irrigated lands. The groundwater depth is affected by the amounts of losses in filtering in channels and irrigated lands. It has been established that efficiency of irrigation systems does not exceed 0.38 in the Makhtaaral array. Therefore, the losses amount to 62% of the total water intake. So, large losses of irrigation water for filtering lead to an intense rise of groundwater depth. For example, in 1994 the area of irrigated lands with groundwater depth up to 1 m was 105 hectares, in 2002 it was 378 hectares and in 2013 -2,562 hectares. This indicates that the area of irrigated lands with groundwater depth has increased by 18 times since 1994. In 1994 the area of irrigated lands with groundwater depth of 1-2 m was 7,792 hectares and in 2013 -37,348 hectares. Under these conditions, using ground water for subirrigation increases their share in the total amount of water consumption. The research results show that if ground water is shallow, their share in the total amount of water consumption reaches 74%.
INTRODUCTION
In the southern regions of Kazakhstan irrigated agriculture is based mainly on the waters of trans-boundary rivers, which are greatly salinized outside the Republic. In such conditions, the sustainability of agricultural production development can be achieved through using measures to protect water sources from further contamination (Vyshpolsky, & Mukhamedzhanov, 2005; Aydarov, 1985) . This problem can be solved
ORIENTAL JOURNAL OF CHEMISTRY
www.orientjchem.org of the water industry development in Kazakhstan showed that the change of ownership (transfer of irrigated land and irrigation systems to the nongovernmental structures) led to the reduction in the area of irrigated land from 2.36 million hectares to 1.4 million hectares and the loss of their resource values. As a result, the yield of arable crops decreased to 1.5 times, and the water outflow rate to obtain a unit of production increased to 30%.
The pollution of natural environment, the depletion of its main resources -land, water, affect negatively the level of productivity and sustainability of irrigated agriculture development in different natural-climatic zones of Kazakhstan. These conditions have a negative impact on the final results of economic activity, social situation, soil and environmental situation in the natural-economic complexes of trans-boundary river basins (Dukhovny, 1989 ). In such circumstances, the problem of reducing the rate of flow of degradation processes and environmental improvement in irrigation systems and river basins in different natural-climatic zones of Kazakhstan is of great practical importance.
In the early stages of irrigation development in southern Kazakhstan, where there were water resources, the idea of creating irrigation systems, providing a negative salt balance, was attractive because it provided protection of irrigated land from salinization. However, in the second half of the last century the volume of water intakes to the irrigation systems began to exceed the volume of natural flow of the Syr-Darya River due to the return of the drainage and wastewater and its repeated intake to the irrigation system (Kharchenko, 1975) . From this period the quality of irrigation water began to deteriorate, so the problem of water resources protection from pollution started to be solved through the reduction in technological losses for infiltration, evaporation, discharge from the irrigated land by increased using ground water for sub-irrigation, if its mineralization was less than 3 g/l (Vyshpolsky, & Mukhamedzhanov, 2005) .
The effectiveness of applied technical means and technological operations for management of water and land resources is characterized by the depth and salinization of groundwater (Parfenova, & Reshetkina, 1992) . Thus, the limit fluctuations in groundwater levels are directly dependent on the amount of water intake, the natural moisture of the year, the inflow and outflow of ground water, health drainage systems (Katz, 1967; Rau, 1988) . In wet years, when the water supply was close to the calculated indicators, the groundwater level lay above the critical depth.
METHODS
Research to determine the impact of using ground water for sub-irrigation on the water condition in the roots soil strata and its share in the total amount of water consumption was conducted on the irrigated land of Mahtaaral district in the South Kazakhstan region. The irrigated land of Mahtaaral district are part of the Golodnostepsky massif, which are located in the middle reaches of the Syr-Darya River. The north-western part of the massif is limited in the north by the Shardarinskiy reservoir, in the east -by the territory of Uzbekistan, in the southby the Central Golodnostepskiy Collector and in the west -by the Arnasai Depression. The gross area within the boundaries of Mahtaaral district is 177 thousand hectares. The total irrigated area (net) after inventory in 1991 amounted to 125739 thousand ha, and in 2013 -144039 thousand ha (Anselm, 2012) .
There is sharply continental climate the Golodnaya Steppe. The average annual temperature is +12.5ºC, the average July temperature is +27 -+30ºC, January -3º-7ºC. The air humidity in the Golodnaya Steppe is very low, especially in the summer months. In July-August the relative air humidity fluctuates between 20% in dry spaces, up to 30% -in wetted ones by watering.
The amount of precipitation per year ranges from 175 to 425 mm. Precipitation by season is as follows: the most humid period of the year is Spring, during which more than 40% of annual precipitation falls; in Winter -25-35%; in Aautumn -15-20%; in Summer -5-10%. Annual evaporation throughout the Golodnaya Steppe is more than 1200 mm or 12000 m 3 /ha. Establishing the dynamics of groundwater level was carried out by monthly measurement of its levels in observation wells. Changes in groundwater mineralization were established by sampling water from observation wells in Spring, Summer and Autumn (figure 1). The chemical analysis of water samples was carried out in the laboratory of the Institute.
To assess the quality and establish limits on using ground water for sub-irrigation mineralization and ion-salt composition of ground water were determined. Thus, the following components were specified in ground water: CO 3 The results of chemical analysis of groundwater samples allowed us to assess the quality and to identify factors deteriorating the ameliorative state of water and land resources when using them for sub-irrigation. ... (1) where: K -salinity of water, g/l; Ca 2+ , Mg 2+ , Na + -content of cations in water, mg-eq. When K>1 no soil alkalinization occurs, when K<1, water is considered unsuitable for irrigation.
In foreign practice to assess the water quality by soil alkalinization hazards sodium adsorption ratio (SAR) is determined: The processes of soil alkalinization are also affected by sodium bicarbonate in water, which, precipitating cations of calcium and, to a lesser extent, magnesium, violates cation balance and increases hazard of sodium salinization. Assessment is based on the magnitude of RSC (residual sodium carbonate), which is determined by the difference between alkalinity and sum of calcium and magnesium ions (Ganzhara et al., 1985; Yakubov et al., 1988; Shitikov et al, 2003) :
At RSC > 2.5 mg-eq./l -water is unsuitable for irrigation; at RSC = 1.25-2.5 mg-eq./l -water is limited suitable; at RSC < 1.25 mg-eq./l -it is suitable.
Hazard of sodium salinization of soils is measured at content of normal soda in waterNa 2 CO 3 . If Na 2 CO 3 < 0.3 mg-eq./l -water is safe for irrigation; If Na 2 CO 3 = 0.3-0.6 mg-eq./l -water is suitable for irrigation; If Na 2 CO 3 > 0.6 mg-eq./l -it is unsuitable for irrigation without bringing ameliorants in it.
By pH value (pH) alkalinity of water is estimated. At pH = 6.5-7.9 -water is neutral; at pH = 8.0-8.5 -water is weakly alkaline; pH = 8.6-9.0 -it is strongly alkaline; pH>9 -it is very strongly alkaline.
The increased content of magnesium cations in irrigation water has an adverse effect on chemical properties of soils. Assessing the impact of magnesium is carried out by determining the magnesium percentage of its ratio to the sum of calcium and magnesium cations (Ganzhara, et al., 1985; Yakubov, et al., 1988; Shitikov, et al., 2003) : Magnesium (Mg*), determined by the formula, has an adverse effect on the soil, if its percentage is above 50%. Irzhar  2014  7356  5731  78  1625  22  --2013  7477  5477  73  2000  27  --Makhtaaral  2014  11457  10307  90  1150  10  --2013  11057  11032  100  25  ---Nurlybayev  2014  6466  5992  93  474  7  --2013  6405  5647  88  670  11  88  1 Establishing the intensity and volume of groundwater consumption for evapotranspiration was carried out by studying the dynamics of moisture content of soil during the vegetation period at various groundwater s. The volumes of ground water, used for sub-irrigation, were determined by water balance rate:
where V g -groundwater volume used for sub-irrigation, m 3 /ha; E v -total volume of water consumption during the vegetation period, m The numerator is % of the weight of absolutely dry soil; the denominator is % of the minimum moisture-holding capacity (MM) The operating experience of irrigated lands shows that the dynamics of the groundwater level is affected by the amounts of infiltration losses, which depend on the technical state of irrigation systems. Therefore, the technical state of irrigation systems of the Makhtaaral array and their impact on the amounts of infiltration losses of irrigation water were investigated. The research results of the technical state of the irrigation network show that in the Makhtaaral array about 95.6 % of interfarm and 79.2 % of in-house channels are made in cut-and-fill of earthen bed. The dams of channels have overgrown with weeds and to create the necessary horizons there is strong water filtration. Therefore, the performance factor (PF) of channels for the array under investigation is 0.54. Consequently, 46% of water intake is lost for filtering, evaporation and discharge.
Then, at PF of furrow irrigation technology of 0.7 for the Makhtaaral array the overall PF of the Kazakhstan part of the Golodnostepsky massif is With these PF parameters, the amount of wastes is 62% of the water intake (Table 1) 
As a result, the volume of water supply to the irrigated land was 516.93 million m 3 . At PF of The intensive rise of groundwater levels during the flushing operation, which is held annually, and vegetation irrigation increases the area of irrigated land with shallow groundwater level greatly. This is confirmed by the data given in table 3.
A comparative analysis of the presented data shows that the groundwater level does not fall below 2 meters during the irrigation period. On most irrigated areas, groundwater levels are at depth of up to 1 m.That is why soil in the root layer of the irrigated land of the Makhtaaral array has a high moisture content during the whole vegetation period (table 4) . The average value of soil moisture in the 0-100 cm layer varies within 15.21-20.95% of the weight of absolutely dry soil. The minimum average indicators of soil moisture were obtained at the beginning of August, in the period of 1mass irrigation of the cotton plant. In this period the moisture content of the roots soil strata drops to 72.4% of the minimum moisture-holding capacity. The maximum average moisture content in the roots soil strata is in early April. In this period, after washing the groundwater level has the minimum depth from the ground surface. Moisture stability of the roots soil strata during the vegetation period is confirmed by the coefficient of variation.
From the given data we can see that the minimum moisture content occurs in the upper layers of the roots soil strata. For example, in one week of August the minimum soil moisture in the 0-50 cm layer was 8.52% of absolutely dry soil. In the 1st decade of August the minimum soil moisture content in the 0-50 cm layer made 8.52% of absolutely dry soil. However, there is sharp increase in soil moisture in the lower horizons (table 5) . This is explained by shallow groundwater. Therefore, soil moisture increases dramatically in horizons of 60-100 cm. The high soil moisture in these horizons is maintained during the vegetation period.
High moisture in the upper layers of the roots soil strata is achieved at carrying out flushing operation. In this case, the distribution of soil moisture has a uniform character. In the period of sowing (1st decade of May) cotton plant in the top 0-20 cm soil layer the soil moisture content is within 60% of the minimum moisture-holding capacity. In the 20-40 cm soil layer, the soil moisture content was more than 85% of the minimum moisture-holding capacity, which ensured high germination of cotton plant. Therefore, the first irrigations of cotton plant in the Makhtaaral array annually begin in the first week of July. At the same time, farms irrigate cotton 1-2 times during the vegetation period, and some of them do not even water it.
Using ground water for sub-irrigation reduces the volume of water intake and water discharge. Intensity of groundwater inflow in the roots soil strata depends on the groundwater depth and moisture of the roots soil strata. Sub-irrigation efficiency is confirmed by water balance of irrigated land (Table 6 ). For example, at hydromorphic condition, with total volume of water consumption 5200 m 3 /ha the irrigation norm was 1200 m 3 /ha, and the volume of groundwater outflow for evapotranspiration -3850 m 3 /ha. Consequently, the groundwater share is 74% in the total amount of water consumption, and irrigation water share -26%.
The data shows that with the soil semihydromorphic soil condition, where the groundwater level varies between 2-3 m, the volume of groundwater consumption for evapotranspiration decreases. Thus, the volume of groundwater consumption for evapotranspiration is 2460 m 3 /ha or 51% of the total volume of water consumption. Therefore, irrigation norm increases and is 49% of the total volume of water consumption. With automorphic soil condition, the total volume of water consumption is fully compensated by irrigation water.
However, one of the main factors, limiting the groundwater use for sub-irrigation, is the possibility of processes of salts accumulation in the roots soil strata. These processes tempos depend on the mineralization and ion-salt composition of ground water. It is confirmed by the results of salt balance of irrigated lands at change of groundwater mineralization.
The comparative analysis of the results of salt balance shows that in almost all groundwater mineralizations accumulation of salts occurs in the roots soil strata. The minimum rates of salts accumulation in the roots soil strata were obtained at groundwater mineralization 0.5-1 g/l. In this period, the salt reserves increased for 3.6 t/ha, or for 4% of the original content during vegetation. With the growth of groundwater mineralization the salts content in the roots soil strata increases. Therefore, the maximum salt reserves in the roots soil strata were obtained with groundwater mineralization 7-10 g/l at the end of vegetation period. In this case, the salt reserves in the roots soil strata increased for 27.3 t/ha or 27.6% of the original salinization.
Therefore, in the conditions of insufficient drainage of hydro-reclamation systems, studying the dynamics of ion-salt composition of ground water in time and space, making assessment and setting limits on using it for sub-irrigation are of great importance. The results of studying groundwater mineralization show that their indicators change within 0.844 -25.470 g/l in the Makhtaaral array (table 8) .
Analysis of the ionic composition of ground water of irrigated land of the Golodnostepsky massif showed that the chemical composition of their salinization is determined by mineralization of water, because at low groundwater mineralization, the chemical composition, mainly, conforms soda-chloride-sulphate salinization, and by the cationic composition -calcium and magnesium one.
The chemical composition of soil salinity is determined by high content of hydrocarbons, and by the presence of ions ÑÎ 3 2-in ground water. The content of toxic chlorine ion in ground water varies within 0.106-11.540 g/l and ranges from 13.0 to 45% of the amount of salts. At low groundwater mineralization the dominant anion is SO 4 2-, the share of which varies 35-69% in the total amount of salts. In the cation composition of salts with low water mineralization Mg 2+ dominates. At low groundwater mineralization Na + cations exceed Ca 2+ cations in many wells.
In order to establish limits on using ground water for sub-irrigation, an assessment of its quality by total mineralization (C), ion-salt composition, K, SAR, ÎÊÍ and Ìg * was carried out. The comparative analysis indicates that the lower the groundwater mineralization is, the more the extent of using it for sub-irrigation increases (table 10 ).
The given data shows that the limiting factors on using ground water for sub-irrigation in the Makhtaaral array are the indicators of groundwater mineralization, pH and Mg * . For example, pH and Mg * indicators at any mineralization of ground water exceed the allowable values. Therefore, using ground water with such quality indicators leads to soil salinization, salinity and alkalization (Vyshpolsky et al., 2008; Karimov et al., 2009; Rozov, 2009; Saparov, 2013) .
DISCUSSION
Thus, the results of reserach, conducted in the Kazakhstan part of the Golodnostepsky massif, where the irrigation systems of the Makhtaaral district of the Southern Kazakhstan region are located, has shown that the deterioration of the technical state of irrigation systems predetermined large losses of irrigation water for filtering. Examination of the technical state of irrigation systems of the Makhtaaral array has shown that the volume losses of irrigation water during transportation to the irrigated land and irrigation of agricultural crops reaches 62% of water intake. As a result, there has been a rise in groundwater levels in the whole Makhtaaral array.That is why, more than 65% of irrigated land have groundwater levels of up to 3 meters
In the irrigation period the groundwater level in the array does not fall below 2 meters. The result is an intense expenditure of ground water for evapotranspiration. This is confirmed by the dynamics of moisture in the root soil layer which has high values during the whole vegetation period. The average value of soil moisture in the 0-100 cm layer varies within 15.21-20.95% of the weight of absolutely dry soil. The minimum average values of soil moisture were obtained at the beginning of August, in the period of 1mass irrigation of the cotton plant. In this period the moisture content of the roots soil strata drops to 72.4% of the minimum moistureholding capacity. The maximum average values of the soil moisture content in the roots soil strata are taken in early April. It is connected with the fact that, after washing the groundwater level has the minimum depth from the ground surface.
The research results have shown that if the ground water is shallow, its share in the total water consumption reaches 74%. The irrigation water share decreases and makes 26% of the total amount of water consumption.
However, one of the main reasons, limiting the groundwater use for sub-irrigation, is the possibility of salts accumulation in the root layer, soil salinization and alkalization. Therefore, using the existing methods assessment of groundwater quality has been made and the main factors, affecting the ecological condition of irrigated lands, have been identified.
CONCLUSIONS
The research results have shown that under conditions of increasing scarcity of water resources, improvement of water supply of irrigated lands to obtain high crop yields can be achieved by using ground water for irrigation and sub-irrigation (). A possibility of using ground water for subirrigation is confirmed by the results of experimental investigation conducted in the Kazakhstan part of the Golodnostepsky massif.
The analysis of research results shows that using ground water for sub-irrigation allows to reduce the amounts of irrigation water to 74%. However, with intensive use of ground water for subirrigation the processes of soil salinization also intensify. However, depending on the groundwater mineralization, the increase in the degree of soil salinity ranges from 4 to 27.6% from the original salinity. Therefore, the given parameters of possible reduction of norms of water intake in the irrigation systems due to the reconstruction of irrigation network, application of water-saving technical means for irrigation and groundwater use for subirrigation are acceptable for hydromorphic soils series, which are not saline, and the groundwater mineralization is below than 3 g/l. In saline or prone to salinization irrigated lands of hydromorphic type, where groundwater mineralization is greater than 3 g/l, the amounts of water intake should be increased for 20-30% (Vyshpolsky, 2010) . This technique will create the "salt ventilation" in the aeration zone, and will stabilize the sustainability of the irrigated agriculture development.
In the conditions of the Makhtaaral district of the South Kazakhstan region, where a large amount of water consumption (20-45% of transpiration) is provided by sub-irrigation, the intake amounts on average will reduce to 1.5-1.7 times. The set limits of possible reduction of water intake norms for various levels of technical improvement of irrigation systems, at which the sustainable water supply to agricultural crops is achieved, will improve the environment in irrigated areas, will increase the productivity of irrigated lands and the competitiveness of producers. Thus, the dynamics of the groundwater level and mineralization show that in the Makhtaaral district: the rise of the groundwater level; the growth of irrigated areas with shallow groundwater occurrence; the increased mineralization and areas with high groundwater mineralization; the increase in the degree of soil salinization and saline irrigated areas; salinization and alkalization of soils took place by reducing the drainage conditions of irrigated lands.
The reduced drainage conditions of irrigated lands, the rise of the level of mineralized groundwater occurrence and high mineralization of irrigation water of low quality lead to increased degradation processes in the root soil layer. In the current situation, the non-compliance of technology for crop irrigation, the low technical conditions of irrigation and collector-drainage networks, the nonoperating vertical drainage systems, the growth of irrigation water mineralization increased the rate of degradation processes occurrence in irrigated lands of the Golodnostepsky massif.
It is established that the increase of toxic salts in the upper 0-40 cm layer of the Golodnostepsky massif is only 1.9 t/ha. However, in the lower levels, the rate of accumulation of toxic salts in the 0-100 cm layer increased by 22.7% or 11.0 t/ha. The reason for the rapid accumulation of toxic chlorides is shallow groundwater occurrence, the free solubility of the chlorides and their low sorption capacity. As a result, their migration from ground water into the upper layers of the potting soil increases. The cumulative nature of salts in the root soil layer has predetermined the increase of saline irrigated lands.
